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INTRODUCTION 

Excessive  bleeding  during  and  after  long-term  extracorporeal  support 
continues  to  be  a clinical  problem  (1-4).  The  etiology  of  this  bleeding 
is  uncertain,  but  excess  heparin  and  its  neutralization  at  termination  of 
perfusion  have  been  implicated  by  many  investigators  (1-3).  Endotoxin 
shock  animal  perfusion  studies  conducted  in  this  laboratory  with  heparin 
have  also  demonstrated  bleeding  problems  and  hemodynamic  deterioration  in 
both  control  and  experimental  systems  (5-7).  Fletcher  and  others  (8,9) 
have  recently  demonstrated  that  partial  venovenous  membrane  oxygenation  can 
be  successfully  established  in  dogs  and  baboons  without  the  administration 
of  an  exogenous  anticoagulant.  The  present  study  was  designed  and  carried 
out  in  an  attempt  to  establish  an  extracorporeal  perfusion  system  without 
anticoagulation  and  to  study  how  this  system  affects  the  animal's  response 
to  endotoxin. 

MATERIALS  AND  METHODS 

Two  perfusion  preparations,  each  utilizing  twelve  adult  mongrel  dogs 
of  either  sex,  were  evaluated  during  the  absence  of  exogenously  administered 
anticoagulant.  These  included  the  "hindlimb"  and  the  "venous  return"  pro- 
cedures (5,6).  In  order  to  prevent  thrombi  from  forming,  the  utilization  of 
blood  flow  rates  exceeding  200  ml/min  and  plastic  perfusion  tubing  filled 
with  fluid  were  essential  to  both  preparations.  Following  establishment  of 
the  experimental  procedures,  LDiqo  E..  coli  endotoxin  was  infused  in  half  of 
the  animals  of  each  preparation. 

The  experimental  preparations  were  established  as  follows  (see  Figure  1) 

(1)  Hindlimb  study.  Twelve  dogs  weighing  22.6+1.0  kg  were  anesthetized 
with  intravenous  sodium  pentobarbital,  30  mg/kg  body  weight.  The  left 
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FIGURE  1 


femoral  artery  of  each  dog  was  cannulated  with  a flexible  plastic  catheter 
advanced  into  the  distal  aorta  and  was  used  to  monitor  mean  systemic 
arterial  pressure  (MSAP)  and  heart  rate  (HR)  and  to  sample  blood  for  * 

hematocrit  (Hct),  blood  glucose  and  clotting  time  determinations.  The 
left  femoral  vein  was  cannulated  in  six  of  twelve  dogs  to  be  available 
for  the  endotoxin  infusion.  Large-bore  plastic  catheters  filled  with 
saline  were  connected  at  one  end  to  the  right  femoral  artery  of  the  animal 
so  that  blood  would  flow  via  a screw  clamp  to  control  the  flow  into  a 
saline-filled  200-ml  plastic  reservoir  and  be  returned  via  a roller-type 
pump  to  the  right  femoral  vein.  No  animal  received  an  anticoagulant  of 
any  kind.  Rectal  tempterature  was  recorded  and  blood  flow  was  measured 
via  a calibrated  pump. 

Six  of  twelve  animals  received  a 2-hour  infusion  of  LDioo  £•  coli 
endotoxin  (B5  strain;  Difco,  Detroit,  Michigan),  2 mg/kg  (1  mg/ml), 
beginning  15  minutes  after  establishment  of  perfusion.  Sample  times  were 
every  15  minutes  the  first  hour  and  every  30  minutes  thereafter  through 
6 hours.  At  the  end  of  the  experiments,  all  twelve  animals  were  sacri- 
ficed with  additional  sodium  pentobarbital  and  representative  samples  of 
heart,  lung,  liver,  spleen  and  kidney  were  fixed  in  neutral  buffered  10% 
formalin.  Paraffin-embedded  tissue,  sectioned  4-6  microns,  was  stained 
with  hematoxylin  and  eosin  and  Mallory's  phosphotungstic  acid  hematoxylin 
and  examined  by  light  microscopy. 

(2)  "Venoue  return"  study.  Twelve  dogs  weighing  13.5±2.8  kg  were 
intravenously  anesthetized  with  sodium  pentobarbital,  30  mg/kg  body  weight, 
and  the  right  and  left  femoral  arteries  of  each  animal  were  cannulated. 

The  right  femoral  artery  was  then  available  to  sample  blood  for  Hct,  pH, 


glucose,  clotting  time,  fibrinogen  and  platelets.  MSAP  and  HR  were  monitored 
via  the  left  femoral  artery.  Each  of  the  six  animals  chosen  to  receive 
a one-hour  infusion  of  LO^go  £•  coli  endotoxin  15  minutes  after  establish- 
ment of  perfusion  had  its  right  femoral  vein  cannulated  also. 

Each  dog  was  connected  to  a constant  volume  Starling  respirator 
with  2-3  inches  of  positive  end  expiratory  pressure.  A mid-line  thora- 
cotomy was  then  performed  and  the  right  atrium  was  cannulated  with  saline- 
filled  wide-bore  plastic  tubing  such  that  blood  could  be  delivered  into 
the  right  heart  at  a controlled  flow  rate  via  a roller-type  pump.  Next, 
the  inferior  vena  cava  was  quickly  cannulated  with  a saline-filled 
cannula,  its  tip  placed  downstream  from  the  confluence  of  the  hepatic 
vein  and  inferior  vena  cava.  The  distal  tip  of  the  cannula  was  lowered 
sufficiently  to  maintain  orifice  inferior  vena  cava  pressure  at  or  below 
atmospheric  pressure.  Venous  outflow  drained  passively  into  a saline- 
filled  300-ml  plastic  reservoir  surrounded  by  a water  bath  maintained  at 
40°-42°C,  and  returned  to  the  right  atrium  via  a roller-type  pump, 
adjusted  to  maintain  the  volume  of  the  blood  in  the  reservoir  at  a constant 
value  during  the  4 hours  of  perfusion.  Under  these  conditions,  venous 
return  and  cardiac  inflow  were  equal. 

No  animal  received  an  anticoagulant  of  any  kind.  Sample  times  were 
every  15  minutes  for  4 hours.  Blood  flow  was  measured  via  a calibrated 
pump.  MSAP  and  HR  were  monitored  on  a Sanborn  recorder.  Rectal  tempera- 
tures were  obtained  using  a Tele-Thermometer  probe.  Blood  glucose  con- 
centrations were  determined  using  a Beckman  glucose  analyzer,  and  an 
Instrumentation  Laboratories  blood  gas  analyzer  was  used  to  determine  pH. 
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Clotting  time  was  ascertained  at  room  temperature  by  a modified  Lee-White 
procedure  (10).  Platelet  and  fibrinogen  determinations  were  conducted  as 
previously  described  (11,12).  Experiments  were  terminated  by  giving  y 
each  animal  an  overdose  of  sodium  pentobarbital,  and  tissue  specimens 
of  heart,  lung,  liver,  kidney  and  spleen  were  fixed,  prepared,  sectioned, 
stained  and  examined  by  light  microscopy  as  in  the  hindlimb  study. 

Data  from  both  preparations  were  analyzed  using  the  student  "t"  test. 
Only  values  of  less  than  0.05  were  considered  statistically  significant. 


RESULTS 

(1)  Hindlimb  study.  The  mean  (±SE)  mean  systemic  arterial  pressure 
(MSAP),  blood  glucose,  hematocrit  (Hct),  clotting  time,  and  heart  rate 
(HR)  are  shown  in  Figures  2A  and  2B  for  control  and  endotoxin-treated 
groups  during  the  6-hour  perfusion  period.  Control  dogs  demonstrated 
no  significant  changes  from  zero  time  in  MSAP,  blood  glucose  or  Hct  during 
the  6-hour  period.  However,  in  the  endotoxin-treated  group,  MSAP  signi- 
ficantly decreased  starting  at  90  minutes,  blood  glucose  decreased  from 
240  minutes,  and  Hct  increased  from  60  minutes  to  the  end  of  the  experi- 
ment (p<0.02). 

Clotting  time  increased  significantly  in  both  groups  from  30  minutes 
to  termination  of  the  studies  (p<0.02).  The  mean  zero  time  clotting  time 
value  for  both  groups  was  10  minutes.  Control  animals  reached  a maximum 
of  15  minutes  by  150  minutes  of  perfusion  and  remained  relatively  constant. 
Endotoxin-treated  animals  had  a progressive  rise  to  a maximum  clotting 
time  of  19  minutes  at  6 hours.  The  mean  initial  HR  for  the  controls  was 
179+13/min  while  in  the  endotoxin  group  it  was  138±8/min;  consequently, 
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the  two  groups  were  significantly  different  from  the  beginning,  However, 
neither  group  demonstrated  a significant  difference  from  its  own  control 
at  any  time. 

The  mean  rectal  temperature  progressively  increased  in  the  control 
group  from  90  minutes  and  in  the  endotoxin  group  from  150  minutes,  with 
both  groups  ending  the  study  at  39.3°C  (p<0.03).  Blood  flow  was  maintained 
relatively  constant  in  each  experiment  by  adjusting  the  screw  clamp  on  the 
arterial  outflow  tubing.  Blood  flow  of  the  control  group  averaged  408+63 
ml /min  or  19±2  ml /kg/mi n;  that  of  the  endotoxin  group  was  587+3  ml /min  or 
25+2  ml /kg/mi n. 

Light  microscopy  revealed  no  fibrin  thrombi  deposition  in  the  heart, 
lung,  liver,  spleen  or  kidney  of  any  of  the  twelve  animals.  Lesions  observed 
in  the  six  endotoxin-treated  dogs  but  not  in  the  controls  were  increased 
numbers  of  segmented  neutrophils  in  the  portal  veins,  central  veins,  sinus- 
oids, and  periportal  spaces  of  the  liver;  moderate  to  severe  congestion, 
edema  and  hemorrhage  of  the  liver;  and  excess  numbers  of  segmented  neutro- 
phils in  the  capillaries  and  small  veins  of  the  lungs. 

(2)  "Venous  return"  study  (Figure  3),  The  MSAP  of  the  control  group 
in  the^ venous  return  study  at  15  minutes  of  perfusion  was  106±9  mmHg  and 
progressively  rose  to  136±8  mmHg  in  4 hours.  MSAP  significantly  decreased 

-j 

in  the  endotoxin-treated  dogs  compared  to  the  control  animals  from  45  minutes 
until  termination  of  the  study  (p<0.02)  and  simultaneously  decreased  from 
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its  own  initial  perfusion  value  of  116  mmHg  to  a maximum  low  of  55  mmHg  at 
120.  minutes  (p<0.005).  Heart  rates  remained  relatively  constant  in  both 
groups  compared  to  their  initial  perfusion  values;  however,  the  groups  were 
significantly  different  from  each  other  between  90  and  210  minutes. 
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FIGURE  3.  Venous  return  study.  Mean  (+SE)  MSAP,  HR,  blood 
flow,  and  blood  glucose  parameters  before  and  after  thoro- 
cotomy  and  during  four  hours  of  extracorporeal  perfusion 
without  anticoagulation. 

X = control  group,  each  dog  compared  to'  its  15  minute 
perfusion  value,  p<0.05. 

* = endotoxin  group,  each  dog  compared  to  its  15  minute 
perfusion  value,  p<0.05. 

A = endotoxin  group  compared  to  control  group,  p<0.05. 
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Mean  blood  flow  in  the  control  group  increased  at  60  and  90  minutes 
(p<0.05),  but  otherwise  remained  at  control  perfusion  levels  ( p>0 . 05) . 

¥ 

Blood  flow  decreased  in  the  endotoxin-treated  animals  during  endotoxin 
administration  (from  30  to  60  minutes,  p<0.02),  but  essentially  recovered 
to  that  of  the  controls  by  90  minutes  (p>0.05).  Blood  glucose  values 
remained  relatively  constant  in  the  controls  during  the  4-hour  period 
(p>0.05).  When  blood  glucose  levels  were  compared  between  groups,  there 
were  no  significant  differences  at  any  given  time,  although  the  endotoxin 
group  did  demonstrate  higher  mean  glucose  levels  from  60  through  120  minutes 
compared  to  its  initial  perfusion  level  (p<0.05). 

Rectal  temperatures  of  the  controls  remained  relatively  constant  (37.5° 
to  38.1°C,  p>0.05),  but  they  decreased  in  the  endotoxin  group  from  30  minutes 
(37.9°  to  37.1 °C,  p<0. 05)  throughout  the  study.  The  mean  hematocrits  of 
the  controls  decreased  from  their  own  15-minute  perfusion  time  value  from 
2 through  4 hours  (p<0.05)  but  were  not  significantly  different  from  those 
of  the  endotoxin  group.  Mean  pH  values  remained  relatively  constant  in 
the  control  group.  The  pH  of  the  endotoxin-treated  animals  was  signifi- 
cantly lower  than  that  of  the  controls  and  of  their  own  initial  perfusion 
pH  from  90  through  240  minutes.  Averaged  mean  pH  values  during  that  time 
were  7.29+0.01  for  the  endotoxin  group  and  7.42+0.01  for  the  control  dogs. 

Both  groups  reached  infinite  clotting  times  (>18  hours)  after  approxi- 
mately 60  minutes  of  perfusion,  and  the  individual  values  are  shown  in 
Table  I. 

Table  II  shows  mean  platelet  and  fibrinogen  concentrations  before  and 
after  mid-line  thoracotomy  and  following  60  and  120  minutes  of  perfusion. 

The  only  significant  difference  occurred  at  60  minutes  of  perfusion  when 
the  endotoxin-treated  group's  platelets  fell  markedly. 


TABLE  I.  Effect  of  Venous  Return  Procedure  and  Endotoxin  on  Clotting  Time 


Light  microscopy  revealed  no  fibrin  thrombi  in  the  heart,  liver, 


spleen  or  kidney  of  any  of  the  twelve  dogs.  However,  a few  small, 
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loosely-arranged  fibrin  thrombi  were  present  in  the  pulmonary  vessels 
of  two  of  the  six  endotoxin-treated  dogs.  Other  lesions  observed  in 
the  six  endotoxin-treated  dogs  but  not  the  controls  were  increased  numbers 
of  segmented  neutrophils  in  the  portal  veins,  central  veins,  sinusoids 
and  periportal  spaces  of  the  liver,  and  excess  numbers  of  segmented  neutro- 
phils in  the  capillaries  and  small  veins  of  the  lung.  In  one  of  the  six 
endotoxin-treated  dogs  moderate  to  severe  centri lobular  hemorrhages  of  the 
liver  were  observed. 

DISCUSSION 

Findings  from  this  study  show  that  extracorporeal  perfusion  in  dogs  can 
be  successfully  carried  out  in  the  absence  of  exogenously  administered 
anticoagulant. 

The  "hindlimb"  perfusion  study  consisted  of  an  arteriovenous  shunt, 
in  contrast  to  Fletcher  and  others'  venovenous  procedure  (8,9)  and  the 
present  venous  return  study.  Lower  control  blood  flows  were  obtained  in  the 
hindlimb  study  than  in  the  venous  return  study  by  controlling  the  arterial 
outflow.  The  control  group's  whole  blood  clotting  times  leveled  off  early 
and  were  limited  to  less  than  30  minutes.  Hemodynamic  and  metabolic  para- 
meters of  the  control  dogs  remained  relatively  constant  and  no  adverse 
tissue  changes  were  noted. 

Results  from  the  "venous  return"  experiments  are  in  close  agreement 


with  those  obtained  by  Fletcher  and  others  (8,9)  in  dogs  and  baboons  except 
for  clotting  times,  which  ultimately  exceeded  18  hours  in  our  study.  The 


it 

controls  in  the  present  studies  were  very  stable.  This  is  demonstrated  by 
the  relatively  constancy  of  the  mean  systemic  arterial  pressure,  heart  rate, 
hematocrit,  pH,  blood  flow,  and  blood  glucose  during  4 hours  of  perfusion* 
and  the  absence  of  fibrin  thrombi  and  adverse  cellular  changes  in  the 
tissues  of  the  animals  at  the  end  of  the  experiment.  This  was  not  the  case 
in  venous  return  studies  previously  performed  in  this  laboratory  using 
exogenous  anticoagulation  (heparin)  (5,6).  In  those  experiments,  controls 
became  unstable  after  approximately  75  minutes  of  perfusion,  resulting  in 
excessive  bleeding,  systemic  hypotension,  and  decreased  cardiac  output. 

Data,  therefore,  suggest  that  an  unheparinized  perfusion  system  would  be 
an  improved  model . 

The  mechanisms  resulting  in  increased  whole  blood  clotting  times  in  the 
hindlimb  perfusion  study  and  the  infinite  clotting  times  in  the  venous  return 
perfusion  experiment  are  not  apparent.  Secondary  fibrinolysis  is  associated 
with  decreased  fibrinogen  and  platelet  levels  (13,14).  Perhaps  the  decrease 
in  platelets  and  fibrinogen  observed  in  the  present  study  reflect  stimula- 
tion of  the  coagulation  system  with  secondary  fibrinolysis,  particularly 
in  the  venous  return  experiment.  The  fact  that  fibrin  deposition  was  not 
observed  in  the  tissues  of  the  perfused  animals  and  the  fact  that  Fletcher 
and  others  (8,9)  demonstrated  elevated  levels  of  fibrin  split  products 
in  their  extracorporeal  membrane  oxygenation  study  underscores  this 
probability. 

Although  endotoxin  shock  has  long  been  associated  with  altered  or 
abnormal  clotting  mechanisms  (15,16),  previously  reported  animal  perfusion 
studies  in  endotoxin  shock  have  been  conducted  using  anticoagulation  (5-7). 
Following  successful  establishment  of  the  two  perfusion  systems  in  the 
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present  study  using  no  anticoagulant,  the  system's  response  to  an  infusion 
of  LD1 00  col1'  endotoxin  was  observed.  Typical  endotoxin  responses  were 
clearly  evident  in  the  initial  phase  of  shock;  i.e.,  decreased  blood  pressure 
and  flow.  In  the  latter  phase,  certain  improvements  over  the  endotoxin 
perfusion  studies  (5-7)  were  noted:  blood  pressure  remained  at  higher  levels 
in  the  hindlimb  experiments  and  mean  blood  flow  and  pressure  returned  to 
control  values  in  the  venous  return  study.  The  clotting  times  of  the  endo- 
toxin group  increased  more  than  those  of  the  controls  during  the  latter 
phase  of  the  hindlimb  study,  suggesting  that  anti  coagulation  factors  may 
have  been  induced  by  both  extracorporeal  perfusion  and  by  endotoxin.  It 
is  hypothesized  that  the  improvements  of  blood  flow  and  pressure  which 
correlated  with  the  increased  clotting  time  values  may  bear  a relationship 
to  increased  fibrinolytic  activity. 

SUMMER V 

This  study  shows  that  an  extracorporeal  perfusion  system  without  anti- 
coagulation  can  be  established  in  the  dog  under  certain  conditions.  It 
also  points  to  a model  to  study  the  effects  of  endotoxin  without  heparin 
interference  and  as  another  model  for  studying  the  fibrinolytic  system. 
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